Our previous studies showed that various extracts of Persian shallot (Allium hirtifolium) have anti-angiogenic effects. This study has been undertaken to isolate and identify the major effective anti-angiogeneic sub-fraction of shallot. After preparation of the 50% hydroalcoholic extract of shallot bulbs, the extract was successively fractionated into n-hexane, ethyl acetate, n-butanol and aqueous fractions. Anti-angiogenesis activity of fractions was examined by in vitro angiogenesis assay. The ethyl acetate fraction which had the most antiangiogenesis activity was further fractionated to four sub-fractions by thin layer chromatography (TLC), silica gel column chromatography and then analyzed by High Performance TLC (HPTLC) with ethyl acetatemethanol-water as the solvent system. Our results showed that one of the four sub-fractions, as the major band in HPTLC, had the most anti-angiogenic activity. Purification and characterization of the major anti-angiogenic compound/compounds of shallot's extract may constitute one means by which diets rich in shallot confer protection against cancer and finally introduce new agents with pharmacological activities in shallot as a potential candidate in cancer therapy.
ngiogenesis is a principle process of making new vessel formation from original ones. It can be found in adults during wound healing and also occurring in the female reproductive system (1) . Any disturbance in angiogenesis process may result in the different pathological statuses (2) .
For example, rheumatoid arthritis (3), diabetic retinopathy (4), psoriasis and juvenile hemangiomas (5) , and finally, tumor growth and metastasis are due to the angiogenic imbalances (6) synthetic drugs, such as moderate action and better tolerance (7) . For example, plant derivatives such as genistein (8) , isoliquitrin (9) , ginsenoside (10) and torilin (11) (19, 20) . Besides, in an earlier study, we found that the aqueous extract of shallot inhibits the growth of several tumor cell lines and decreased the acute inflammation in mice models (21, 22) . Furthermore, we reported that a flavonoidrich fraction was responsible for the anti-angiogenic properties of shallot. The present study was done to partition the ethyl acetate fraction of shallot and reveal the responsible sub-fraction that abolishes angiogenesis in vitro.
Materials and Methods

Plant material
Shallot bulbs (A. hirtifolium L.) were purchased from the local vegetable market at Kermanshah (Iran) and verified at the Agricultural College of Razi University by Dr S. Maassoumi.
Preparation of hydroalcoholic extract and subsequent fractions from fresh and dry shallot bulbs
The preparation of hydroalcoholic extracts and subsequent fractions were performed using the successive fractionation as previously explained (23, 24) . Firstly, the extracts were prepared by grinding and blending the shallot bulbs in a blender. 
Total flavonoids determination
The determination of flavonoids was done with aluminum chloride colorimetric method as previously described (25) . Briefly, each fraction (0.5 ml) was mixed with 1.5 ml of methanol, 0.1 ml of potassium acetate (1 M), 0.1 ml of aluminum chloride (10% w/v) and 2.8 ml distilled water. The mixtures remained at room temperature for 30 min, and then their absorbance was measured at 415 nm.
The calibration curve was prepared using pure quercetin (Sigma Chemical Co., USA) solutions (as a standard flavonoid) at concentrations 15.62-125 µg/ml.
Preparative thin layer chromatography (TLC)
Ethyl acetate fraction was applied to aluminum-backed TLC plates coated with 0. HUVEC capillary tube formation in threedimensional collagen gel.
Preparation of cytodex-3-microcarrier beads
The cytodex-3-microcarrier beads (Amersham Pharmacia Biotech, USA) were pre-swelled in phosphate buffer saline (PBS), and then rinsed with DMEM: F12 medium under the class 2 laminar hood (26) and maintained at 4°C.
Designing the three dimensional in vitro angiogenesis model
HUVECs at 90% confluency were trypsinized and mixed with cytodex-3-microcarriers at an appropriate ratio in DMEM: F12 medium supplemented with 10% heat inactivated fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomycin. The mixing was longed 4 h and allowed for an additional incubation at 37 ºC incubator with 5% CO 2 overnight. Then, the cellcoated beads were cultured in collagen matrix in a 24 well plate. In order to monitor the anti-angiogenesis effect of shallot fractions and quercetin, the wells were treated with different concentrations of fractions against controls, and the results were analyzed microscopically after 72 h using a specialized software package (AE-31; Motic)
according to a standard method (27) .
High Performance Thin Layer Chromatography (HPTLC)
Chromatography was performed on 20 cm×10 The plates were developed and observed to a Reprostar 3 illumination unit. The peak areas were recorded.
Results
Comparison of fractionation yield
Based on the extraction step, each kg of the While with increasing concentration (400 ng/ml), the EA fraction caused significant inhibition of tube formation, and at 800-1000 ng/ml inhibited angiogenesis completely (Fig. 1 ).
Our observations also showed that Hex fraction did not induce a significant decrease in the sprouting formation and progression by HUVEC at concentrations 200-400 ng/ml but at 800 to 1000 ng/ml, it showed a significant inhibition. However, the 100% inhibitory effect was not obtained even at higher concentrations.
Interestingly, the BuOH and Aq fractions were not able to inhibit HUVEC tube formation at the used concentrations (200-1000 ng/ml). These findings indicated that the BuOH and Aq fractions probably lack the responsible effective components in angiogenesis inhibition.
In case of quercetin as a standard flavonoid, our results showed that it had no significant inhibitory effect on in vitro tube formation at concentrations 5 and 10 µg/ml. However, at 25 and 50 µg/ml of quercetin, complete inhibitory effect was observed (Fig. 2) . 
Sub-fractions B and C had the most antiangiogenic effects in vitro
Among the EA sub-fractions, the sub-fraction A at 1000 ng/ml, sub-fractions B and C at 200 ng/ml, and D at 800 ng/ml could completely inhibit tube formation in three-dimensional collagencytodex model (Fig. 3) .
Purity examination of sub-fraction B by HPTLC
With the modification of our isolation method in silica gel column chromatography, we realized that the sub-fraction C contained both sub-fraction B and C and in fact its anti-angiogenic effect was due to the presence of sub-fraction B. Thus, HPTLC as an analytical method was used for the purity identification of sub-fraction B as the potential candidate responsible in angiogenesis inhibition. Together with the findings obtained by the TLC method, the results of HPTLC analysis also indicated a high purity (at least 98%) of subfraction B at 254 and 366 nm (Fig. 4) . 
Discussion
In continuing with our previous studies on 
